Background: Diabetes mellitus (DM) is recognized as an important comorbidity for the development of tuberculosis (TB). With the increase of DM burden globally, concerns have been raised about the emerging co-epidemics of DM and TB, especially in low-and middle-income countries. Methods: A facility-based, cross-sectional study was carried out in all 30 district TB units in Hanoi, Vietnam. All eligible, diagnosed TB patients aged 15 years old or older were asked to provide consent and were screened for diabetes using fasting blood glucose (FBG). Pre-tested semi-structured questionnaires were used for collecting demographic data, lifestyle habits and clinical data. Identification of pre-diabetes or diabetes in TB patients was done in accordance to parameters set by the American Diabetes Association (2016). Results: Of 870 eligible TB patients, 831 (95.5%) participated in the study. Of those, 241 (29%; 95%CI: 25.9-32.1%) were prediabetic and 114 (13.7%; 95%CI: 11.4-16.1%) were found to have DM. The risk of DM was higher in patients belonging to the age group 40-64 years (OR 6.09; 95%CI 2.81-13.2); or the age group 65 years or older (OR 2.65; 95%CI 1.65-4.25) or who have a family history of DM (OR 2.71; 95%CI 1.33-5.50).
Background
Vietnam is a lower middle-income country and ranks 15th amongst the 30 highest Tuberculosis (TB) incidences globally [1] . The World Health Organization (WHO) estimated that there were 126,000 TB incidence cases in Viet Nam in 2016, which accounts for 123 cases per 100,000 population. The number of reported TB cases in Vietnam in 2016 was 106,527 TB cases [1] . The burden of Diabetes mellitus (DM) is increasing worldwide with the International Diabetes Federation (IDF) estimating that approxiately 425 million people are living with diabetes, amounting to 8.8% of the global population [2] . It was also estimated that approximately half of this population was unaware of their DM status in 2016 [2] . Low-and middle-income countries account for approximately 80% of the global DM burden, and more than 90% of the global TB burden [2] . DM is recognized as an important comorbidity for the development of TB, with those who have DM having a two to three times higher risk of developing TB than those without DM [3] [4] [5] . This leads to a higher prevalence rate of TB among DM patients; the rate of DM is also higher among TB patients than in general population [3] . People with TB and DM generally have a poorer response to TB treatments and increased the risk of relapse and death [3, 6, 7] . With the increase of DM burden globally, concerns have been raised about the emerging co-epidemics of DM and TB, especially in low-and middle-income countries.
In 2011, the WHO and the International Union Against Tuberculosis and Lung Disease (the UNION) recommended that TB patients should be routinely screened for DM [3] . The framework recommended all countries should be surveilling diabetes among TB patients [3] . Many studies conducted in different countries have shown the prevalence of DM among TB patients to be approximately 12-44% [8] . Currently, in Vietnam, there is no systematic screening for DM amongst TB patients and limited studies investigating the prevalence of DM amongst TB patients. One study conducted in the National Lung Hospital in 2006-2008 found the prevalence of DM among TB patients to be 8.8% [9] .
Hanoi is the capital of Vietnam, has a high proportion of the total TB cases reported in the country. In 2016, Hanoi detected and reported 4382 TB cases, amounting to 59 cases per 100,000 population. This study aimed to identify the prevalence and some associated risk factors of DM amongst TB patients attending district TB units in Hanoi, Vietnam. The results will look to help to establish linkages between TB and DM and provide data to estimate the needs and requirements for DM care services among TB patients in Vietnam.
Methods

Setting and study population
This facility-based, cross-sectional study was conducted in all 30 districts of Hanoi where the total population was estimated at 7,328,400 in 2016. The study population included all TB patients aged over 15 years old, who had been diagnosed and enrolled for TB treatment from October to December of 2016.
The sample size was calculated based on the standard formula for estimating a single population:
A previous study conducted in [2006] [2007] [2008] , at the National Lung Hospital in Hanoi, investigated the DM prevalence among 2867 newly diagnosed TB patients and discovered the DM prevalence to be 8.8% [9] . A similar DM prevalence was assumed for this study, with a 95% confidence interval and 20% relative precision. With a cluster sampling of 1.5 the sample size was calculated to be 740 participants. To account for an estimated non-participation rate of 15%, the final sample size required for this study was considered as 870 TB patients.
Sampling method
Patients who were aged 15 years or above and had been diagnosed with TB in any 30 districts of Hanoi were considered for the study. Participants were enrolled for TB treatment between October and December of 2016. Recruitment was continuous until the required sample size was met.
Data collection
All consenting participants were interviewed using pre-tested questionnaires to collect the patient's information. Questionnaires collected socio-demographic variables including age, sex, weight, height, education, occupation, marital status, average monthly income and HIV status. The questionnaires also collected information around lifestyle factors including smoking, drinking and exercise. The participant's disease profile and clinical records pertaining to TB and DM status were also collected. TB patients were asked about their DM status. If the TB patients were diagnosed with DM prior to the study, they were not further investigated for the DM, and the patients were requested to provide their most recent DM test results. If the TB patients were did not know or were unsure about their DM status, they were requested to undergo a fasting blood glucose (FBG) test, after the cessation of eating for at least 8 h.
Definition
TB patients' diagnosis and treatment outcomes were categorized following NTP's guidelines, which are in line with WHO's recommendations [10] .
Patients with FBG levels ≥126 mg/dl (~7 mmol/l) were diagnosed as having DM. Patients with FBG levels between 100 and 126 mg/dl (5.6-6.9 mmol/l) were diagnosed as having impaired fasting glucose (IFG), or prediabetes, in line with guidance from the American Diabetes Association (ADA) [11] .
Classification of socioeconomic status was determined following Vietnam Government criteria, issued by Prime Minister for the period 2016-2020 [12] . A "poor" household is one whose per capita income does not exceed 700,000 Vietnam Dong (VND) in rural area and 900,000 VND in urban area. Households are also classified as poor if their per capita income is between 700,000 -1,000,000 VND in rural areas or 900,000-1,300,000 VND in urban areas when households have unfavourable outcomes in at least three of ten basic social service indicators (access to medical services, health insurance, education level of adults, school attendance of children, housing quality, average housing area per capital, residential water sources, hygienic latrines and toilets, telecom services, and assets to serve information access (TV, computer, radio, other). A "near-poor" household is one whose per capita income is between 700,000-1,000,000 VND or 900,000-1,300,000 VND in rural or urban areas, respectively, and have unfavourable outcomes in at least three of ten basic social service indicators A "medium" household is a household whose per capital income is between 1,000,000-1,500,000 VND in rural area and between 1,300,000-1,950,000 VND in urban area [12] .
Statistical analysis
Data was entered into EpiData version 3.1 (EpiData Association, Odense, Denmark) and the analysis were carried out using Stata v.13 software (Stata Corporation, College Station, TX, USA). The main outcomes of the analysis were the number and proportion of TB patients with DM and prediabetes; data was then stratified by sex, age, education, occupation, marital status, residence, monthly incomes, socio-economic status and body mass index (BMI). The proportion of TB patients with DM and prediabetes was also stratified by lifestyle and other factors such as physical activity, smoking, drinking status, family history of DM, type of TB, treatment category and HIV status. Single proportion with 95% confidence interval (CI) was calculated. A Kruskal-Wallis test and Cuzick test were used for the nonparametric data and to test for trend across ordered groups. Odds ratio (OR) with 95% CI were used to describe association between groups. Multivariate logistic regression analysis was performed to calculate adjusted OR for analyzing the association of the related risk factors with the outcome variables.
Ethics approval
The study protocol was approved by the Institutional Review Board of the National Lung Hospital, Hanoi, Vietnam. Patients diagnosed with DM received appropriate treatment. Written informed consent was obtained from each participant prior to enrolment.
Results
A total of 851 eligible TB patients aged ≥15 years old were enrolled during the study period. 831 (97.7%) patients consented and were interviewed.
General characteristics
The socio-demographic characteristics of study's participants are presented in Table 1 . Of 831 TB patients, 549 (66.1%) were males and 282 (33.9%) were females. The mean age of participants was 48.4 (standard deviation (SD): 18.2). More than half of the participants (531, 63.9%) had a secondary or high school education. The number of participants residing in urban areas was 401 (48.3%) and 468 (56.3%) had a monthly income less than 3,000,000 VND. The mean of BMI was 19.6 kg/m 2 , (SD 3.0) with 34.8% patients was classified as underweight.
Prevalence of prediabetes and DM among TB patients
The overall prevalence of prediabetes and DM among TB patients and stratified by general characteristics are shown Table 2 . Of 831 TB patients, 241 (29%; 95% CI: 25.9-32.1%) were prediabetic and 114 (13.7%; 95% CI: 11.4-16.1%)) were found to have DM. The prevalence of DM was higher among males than females (16.0% vs 9.2%) and was shown to increase with age. The incidence of prediabetes was also higher among those in older age groups, those who had primary or lower education levels, those who worked as farmers and in those with a monthly income less than 3,000,000 VND.
Lifestyle factors
The proportion of DM among TB patients with a family history of DM was 29% (95% CI: 18.0-40.0%) higher than those who did not (12.4, 95% CI: 10.0-14.7%).
The level of pre-diabetes in TB patients who were currently smoking was 34.3% (95% CI: 25.2-43.4%) higher than those never smoked (26.3%; 95% CI: 22.4-33.1%). The proportion of prediabetes was also higher among TB patients with a family history of DM, with the difference nearly reaching the statistical significance (p = 0.052). (Table 3) .
Risk factors associated with DM
In the crude analysis, the associated factors for DM among TB patients were people aged '40 years or older' , 'male' gender, 'family members with a history of DM' , 'pulmonary TB cases' and a 'BMI > 25'. After adjusting for other factors in a logistic regression model, the associated factors for DM among TB patients found in this study were age ≥ 40 years and a family history of DM. (Table 4 ).
Additional yield of DM
Of the 831 screened TB patients, 114 (13.7%; 95% CI: 11.4-16.1%)) were found to have DM, of those, 50 (44%) were newly diagnosed as DM cases. The number of TB patients needed to be screened to diagnose a new DM case was 17, and the number of TB patients needed to carried-out blood testing to diagnose a new DM case was approximately 16. (Table 5 ).
Discussion
The prevalence of DM among TB patients in this study was 13.7% (95% CI: 11.4-16.1%), which is much higher than the estimated prevalence of DM among people aged 18-99 in the general population of Vietnam in 2016 (5.34%; 95% CI: 4.32-7.32%) [13] . The prevalence of DM amongst TB patients is also higher than in the previous study in 2006-2008, in Hanoi, Vietnam (8.8%) [9] . This study showed a 29% prevalence rate of prediabetes amongst TB cases in Hanoi. The prevalence of prediabetes among TB cases was slightly higher than study findings from India (24.5%) [14] ; and much higher than study findings in Ethiopia (11.5%) [8] ; China (7.8%) [15] ; India (7%; 8.5%) [5, 16] . This finding may indicate an increased relatively higher prevalence of DM among TB patients in the future in Vietnam. The prevalence of DM among TB patients in this study (13.7%) is slightly lower than the global median DM prevalence among TB patients, estimated at 16% (IQR 9.0-25.3%) found by Mahteme et.al [17] . This systematic review had analysed 78 studies reporting DM prevalence among TB patients, representing 33 countries globally. The prevalence of DM amongst TB patients ranged from 1.9% in Cotonou-Benin to 45% in the Ebeye-Mashall Islands [18, 19] . Our study results are comparable with the overall median prevalence of DM among TB patients in Asia, estimated to be 17% (IQR 11.4-25.8%). The prevalence of DM among TB patients in Asia ranges from 5.1% in Salury-South India to 44% in Kerala-India. [5, 17, 20] .
The associated risk factors for TBDM comorbidity including sex, age, family history of DM, pulmonary form of TB and positive sputum smear were found in many other studies [17] . In this study, all the above-mentioned factors were found to be associated factors in the bivariate analysis. However, after multivariate analysis, adjusted for other variables, only increasing age and family history of DM remained significant for factors associated with TBDM comorbidity.
Our study found that age was a significant risk factors for TB and DM comorbidity, a finding consistent with many other studies [8, 14, 17, 20, 21] . In our study, the risk of having DM was 6 times higher in the 40-65 age group when compared to those patients under 40 years old; the risk dropped to approximately 3 times higher in the age group 65 years old and older when compare to age groups of patients less than 40 years old. This may be explained by the link between increasing age and decreases in immune status, one risk factor for both TB and DM [8] .
Having a family history of DM is known as a risk factor for DM [7, 12] . Our study also found the risk of DM is 2.7 times higher among TB patients who had a family history of DM. This finding was consistent with other studies conducted in Ethiopia, China, and India [8, 14, 17, 21] .
Many studies have also reported a higher prevalence of DM and prevalence of prediabetes amongst males compared to females [6, 20] . In our study, male TB patients were also identified to have a higher risk of DM in the bivariate analysis. One reasons for this may be a higher frequency of habits such as smoking and drinking alcohol among men. However, the multivariate analysis could not show a significant association.
In this study, 17 TB cases were needed to be screened in order to diagnose one new DM case. This number is high compared to other studies in Ethiopia (20 cases) [8] ; Gujarat-India (25 cases) [16] ; and South, India (31 cases) [5] . Such a finding suggests that the implementation of a DM screening strategy for TB patients in Hanoi could be high-value. This study also demonstrated that a high level of participation was possible for DM testing amongst TB patients in Hanoi, Vietnam. In 2011, in the collaboration framework, WHO and the UNION have recommended screening for DM among TB patients [3] . Given the high prevalence of DM, especially the high prevalence of prediabetes among TB patients, Vietnam NTP should collaborate with diabetes programme and establish a systematic screening process for DM among TB patients. This program would enable early diagnosis of DM to be made and reduce morbidity and mortality amongst TB patients.
This study has some limitations. As the study was conducted in an urban area, Hanoi city, the findings may not be representative of the entire country, particularly rural areas. Secondly, the study was only implemented among TB patients who were diagnosed and treated in NTP system, thus it may not be representative of TB patients diagnosed and treated in the private or non-NTP public sectors, or TB patients who have not been diagnosed. Thirdly, decisions on the diagnosis of DM were based on FBG only, this testing methodology may be less sensitive than glycosylated haemoglobin or oral glucose tolerance tests. Finally, this study used the standard cut-off points for BMI categories, it did not use cut-off points specific to Asian populations as recommended by the WHO.
Conclusions
In conclusion, this study illustrated the high prevalence of DM and prediabetes among TB patients in Hanoi, Vietnam. This was especially true for persons aged over 40 years old or who had a family history of DM. Given the high prevalence of DM, particularly the high prevalence of prediabetes among TB patients, this study recommends the Vietnam NTP need to collaborate with diabetes programme to establish a systematic screening process for DM amongst TB patients.
